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Abstract—Spreadsheet is one of the tools that can be used to 
learn data analysis. Data analysis in spreadsheet can be done 
using formula. Spreadsheet tools can also be used for exams. 
For the assessment, there is a problem when the number of 
answers that need to be checked is large, that is it takes a long 
time to check all the answers. For this reason, an automatic 
grading system (autograder) that can evaluate formula in 
spreadsheet is needed. The method used in developing the 
autograder system is matching the answer key formula with 
the student’s answer formula. The autograder system assesses 
the answer by calculating the similarity of the student’s answer 
formula with the answer key formula. This paper explains how 
to build an autograder system that can evaluate the formula. 
At the end, an autograder system has been built successfully. It 
has been tested with 43 testcases and all of them are passed. 
Keywords—assessment, autograder, formula, spreadsheet, 
string similarity 
I. INTRODUCTION
Data analysis skill is important. Data analysis includes 
several simple calculation processes such as addition, 
subtraction, multiplication, and others. These simple steps 
can be combined to carry out data analysis. One of the tools 
that can be used to learn data analysis is spreadsheet. 
Spreadsheet becomes popular to be used because of its cell-
based structure that can be operated together and provides 
built-in function that can be used instantly [1]. Besides being 
used for learning, spreadsheet can also be used for exam. The 
students can write the answer in each cell. A formula can be 
used to ease the calculation that needs to do. 
There are many forms of examinations, one of which is 
short answer. There are problems when the number of 
answers that need to be checked is large. It takes a long time 
to check all the student’s answers. Also, there are variations 
in writing the answer that have the same meaning. The 
formula in spreadsheet can be represented as short answer in 
examination. For this reason, an autograder system that can 
evaluate spreadsheet formula is needed. The autograder 
system needed can evaluate the formula that students use to 
answer the question. On the bigger scale, autograder system 
can be used not only in education scope but also in job 
recruitment tests, university entrance tests, etc. If the 
assessment is done manually, it takes a lot of time. The 
autograder system is needed so that the assessment process 
can be done efficiently. 
II. RELATED WORKS
A. Spreadsheet Formula Characteristics
Spreadsheet is one of the tools for storing and processing
data. Data in spreadsheet is arranged in the form of rows and 
columns. Its data can be processed and used in the 
calculation. Each cell has an address that can be referenced if 
needed. Each cell can be empty or contain a value that wrote 
in the form of constant, mathematics operation, or formula. 
Formula is one of the important things in spreadsheet that 
can write in the form of constant, reference, and function [2]. 
The formula writing begins with “=” and followed by the 
operation that needs to be done. There is more than 500 
built-in function provided in spreadsheet [3]. Some functions 
need parameters to be used. Its parameter can be written in 
the form of constant, reference, or function again. In this 
paper, autograder system that is developed focuses on 
formula with function form. 
B. Autograder for Short Answer
One exam form that can be evaluated is short answer [4].
We can calculate the degree of similarity of the student’s 
answers with the answer’s keys to do the assessment. One 
algorithm that can be used to calculate the similarity degree 
of strings is string-based similarity [4]. Short answer in exam 
can be represented as a string. This algorithm is divided into 
two groups, that are character-based distance measures and 
term-based distance measures [4].  
The main idea from character-based distance measures is 
to calculate the minimum number of operations needed to 
change one string to another [4]. Another algorithm is term-
based distance measures. Its main idea is to calculate the 
number of same elements between two string and calculate it 
with a specific formula. There are 6 algorithms in the 
character-based distance measures group and 7 algorithms in 
the term-based distance measures group [4].  
TABLE I. CORRELATION DEGREE FOR EACH ALGORITHM 
Algorithm Raw Stop Stem 
Stop 
Stem 
Character-based distance measures 
Damerau-Levenshtein 0,338 0,324 0,317 0,315 
Jaro 0,144 0,229 0,146 0,205 
Jaro-Winkler 0,151 0,245 0,169 0,223 
Needleman-Wunsch 0,265 0,265 0,255 0,258 
Smith-Waterman 0,361 0,341 0,351 0,331 
N-gram 0,435 0,416 0,413 0,398 
Term-based distance measures 
Block Distance 0,375 0,382 0,340 0,291 
Cosine Similarity 0,376 0,377 0,344 0,308 
Dice’s Coefficient 0,368 0,379 0,337 0,307 
Euclidean Distance 0,326 0,338 0,312 0,281 
Jaccard Similarity 0,332 0,349 0,311 0,294 
Matching Coefficient 0,305 0,339 0,294 0,264 
Overlap Coefficient 0,374 0,368 0,336 0,286 
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The performance of each algorithm is calculated by 
Gomaa and Fahmy [4]. The performance test is done by 
calculating the similarity of student’s answers and answer 
key. After got the degree of similarity for each test case, the 
correlation between the degree of similarity and manual 
assessment result is calculated. It is calculated with several 
algorithms. The correlations for each algorithm are shown in 
Table I [4].  
III. PROBLEM SCOPE 
The mind map of spreadsheet formula is shown in Fig. 1. 
A formula can be written in the form of constant, reference, 
and function. The operations that can be done in constant and 
reference form are arithmetic operation and relational 
operation. The function form has two components to write, 
those are function name and parameters. Each function needs 
a certain number of parameters with various data types. The 
parameter can be written in three forms, those are constant, 
reference, and function. Reference form parameter can be 
written in two ways, those are range and single cell. 
Generally, all formulas can be assessed by measuring the 
degree of similarity. The algorithm that can be used is 
character-based distance measures. It can calculate the 
degree of similarity based on the character between two 
strings. However, the results aren’t accurate for all cases. For 
example, there are several functions that have commutative 
nature. Therefore, special handling needs to be done in some 
cases. 
The use of function in formula is important because ease 
the user to process the data. A widely used formula form is 
function [1], [5]. Because of that, we need to observe all of 
the functions. We will use string-based similarity to do the 
assessment for spreadsheet formula. Its algorithm is based on 
string that used in the function. The number of components 
used in function depends on the number of parameters 
needed. So, we group the functions into several categories 
based on the number of parameters. The categories of 
function are shown in Table II. 
 
 
Fig. 1. Mind map of spreadsheet formula 
TABLE II.  NUMBER OF FUNCTIONS IN EACH CATEGORY 
Category Total 
Without parameters 8 
One parameter 182 
Two parameters 118 
Three parameters 96 
Four parameters 45 
Five parameters 19 
Six parameters 18 
Seven parameters 7 
Eight parameters 3 
More than eight parameters 4 
 
 In Fig. I, the parameter in function has three forms, those 
are function, constant, and reference. The function form is 
complex because we need to do more analysis on it. Besides 
that, the parameter depends on data types. Generally, there 
are two main data types, those are array and non-array. In 
some functions with array parameter, the order of writing the 
parameters must be considered. For example SUM and 
CONCAT. In nature, SUM is commutative so the parameter 
can be written in some order. But, CONCAT isn’t 
commutative. The order of the parameters decides the output 
of function. 
From the explanation above, we limit the scope of the 
problem to solve as follows: 
1) The formula used is in function form 
2) Functions covered is function with one parameter 
3) Functions covered is function that don’t need to 
consider the order of parameter 
4) The parameter used are in constant and reference 
form 
IV. METHOD 
As previously described, the assessment is done by 
calculating the degree of similarity between student’s 
answers and answer key. From the problem scope, the data 
types that appear in functions with one parameter are shown 
in Table III. 
 From Section II, there are two algorithm groups that can 
be used to calculate the degree of similarity. From those 
groups, we choose term-based distance measures to be used 
because it can handle the function that commutative nature. 
The architecture of autograder system is proposed based on 
the algorithm that we choose. The architecture is shown in 
Fig. 2. In general, there are two processes in the architecture. 
Those processes are Autograding process and Input process. 
First, the spreadsheet formula is retrieved in Google API 
component from Input Process. Second, preprocess is 
performed to match the writing type. Third, the results are 
stored in database or proceed to tokenization phase. Step 
continued to database if user is teacher and continued to 
tokenization phase if user is student. After that, the degree of 
similarity is measured between student’s answer and answer 
key. Finally, the similarity result is shown to the user. 
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TABLE III.  DATA TYPES OF FUNCTION 
Data Type Example 
Date 06/03/2020 
Error #DIV/0! 




String This is a string 
Value Value 123 
Array of integer [1, 2, 3] 
Array of logical [10 > 20, 20 < 30] 
Array of number [4.5, 50, 100.5] 
Array of string [this, is, a, string] 
Array of value [string, 120, 8 > 4] 
A. Autograding Process 
Autograding process has five main components. Here 
are those components. 
1) Google API 
We used google spreadsheet as a spreadsheet tool. 
So, we use Google API to manage the tools. The API 
that can manage Google Spreadsheet is Sheets API. 
This API used to retrieve the data on specific cells of 
spreadsheet in formula form.  
2) Preprocess 
Preprocess is component that used to change the 
written type of parameter. In reference form, there 
are two types of writing types, those are range and 
single cell. This component used to transform writing 
type from range to single cell. We do that to make 
the writing type of parameter is same. So it has the 
same meaning when measured. 
3) Database 
This component used to store the answer key for 
each specific cell. Data in the database is retrieved 
when there is a formula that needs to be graded. 
4) Tokenization 
Tokenization is component that used to tokenize 
formula. Tokenization is done by split the formula 
based on its delimiter. The delimiters are whitespace, 
“,”, “(”, “)”, and “:”. So, we can use regex to 
tokenize the formula. The regex pattern is /[\s,():-]+/. 
These are examples of tokenization. 
• Input : =SUM(A1,A2,A3) 
• Output : [“=SUM”, “A1”, “A2”, “A3”] 
5) String Similarity 
This component is used to calculate the degree of 
similarity between student’s answer formula and 
answer key formula. As previously described, 
algorithm group that we choose is term-based 
distance measures. In Table I, the best algorithm in 
term-based distance measures group is cosine 
similarity. So, we use this algorithm to calculate the 
degree of similarity. The idea of this algorithm is to 
calculate the cosine value between two angles of 
vectors. In the formula (1), A and B are list of token 
that represented as vector. The total of tokens from 
both list is represented as n. 
 Similarity(A,B) =  (1) 
 
Fig. 2. Architecture of autograder system 
B. Input Process 
The input process has two main components, those are 
Teacher Interaction and Student Interaction. In general, those 
are interactions provided by the system to accept the input 
from the user and show the assessment result to the user.  
V. RESULTS AND DISCUSSION 
After the autograder system has been implemented, the 
next step is evaluation. The evaluation is carried out to test 
the effectiveness. We want to see that is the autograder 
system that we implemented can run properly or not. The 
first step is define the test cases. Test cases are defined based 
on data types that appear in the scope of the problem. For 
each test case, also defined the expected result. The expected 
result is in two types, those are true or false. We defined true 
when the degree of similarity between the student’s answer 
formula and answer key formula is 1. And then, we defined 
false when the degree of similarity between the student’s 
answer formula and answer key formula is not 1. To test the 
test cases, first, we defined the data that can be used for 
testing. The data is shown in Table IV that represented a 
spreadsheet. The test cases defined are shown in Table V. 
The reference form in test cases is reference the data value 
from Table IV. The test case that represents the data type is 
shown in Table VI. 
TABLE IV.  DATA TO BE TESTED 
 A B C D E 
1 Date Error Logical Number String 
2 11/05/2020 #N/A TRUE 10 Testing 
3 12/06/2021 #NUM! FALSE 20 Datalearn 
4 04/01/2020 #REF!  30 Autograder 
5 05/02/2020 #NULL!  35.5 For 
6 05/03/2020 #DIV/0!  -10 Spreadsheet 
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TABLE V.  TEST CASES 
Code 
Input Expected 
Result Answer Key Student’s Answer 
TC01 =DAY(“11/05/2020”) =DAY(“11/05/2020”) True 
TC02 =DAY(A2) =DAY(A2) True 
TC03 =DAY(“11/05/2020”) =DAY(“12/06/2021”) False 
TC04 =DAY(A2) =DAY(A3) False 
TC05 =ERROR.TYPE(#N/A) =ERROR.TYPE(#N/A) True 
TC06 =ERROR.TYPE(B3) =ERROR.TYPE(B3) True 
TC07 =ERROR.TYPE(#N/A) =ERROR.TYPE(NA()) False 
TC08 =ERROR.TYPE(B3) =ERROR.TYPE(B4) False 
TC09 =NOT(TRUE) =NOT(TRUE) True 
TC10 =NOT(C2) =NOT(C2) True 
TC11 =NOT(TRUE) =NOT(FALSE) False 
TC12 =NOT(C2) =NOT(D2>D3) False 
TC13 =ABS(-2) =ABS(-2) True 
TC14 =ABS(D6) =ABS(D6) True 
TC15 =ABS(-2) =ABS(-3) False 
TC16 =ABS(D6) =ABS(D2) False 
TC17 =ROWS(A2:A5) =ROWS(A2:A5) True 
TC18 =ROWS(A2:A5) =ROWS(A2:B5) False 
TC19 =ROW(A2) =ROW(A2) True 
TC20 =ROW(A2) =ROW(B2) False 
TC21 =UPPER(“testing”) =UPPER(“testing”) True 
TC22 =UPPER(E2) =UPPER(E2) True 
TC23 =UPPER(“testing”) =UPPER(“test”) False 
TC24 =UPPER(E2) =UPPER(E3) False 
TC25 =N(56) =N(56) True 
TC26 =N(D2) =N(D2) True 
TC27 =N(56) =N(“testing”) False 
TC28 =N(D2) =N(E3) False 
TC29 =GCD(D2,D3,D4) =GCD(D2:D4) True 
TC30 =GCD(D2,D3,D4) =GCD(D4,D3,D2) True 
TC31 =GCD(D2,D3,D4) =GDC(D2,D4) False 
TC32 =OR(D2>D3,D3>D4) =OR(D2>D3,D3>D4) True 
TC33 =OR(D2>D3,D3>D4) =OR(D3>D4,D2>D3) True 
TC34 =OR(D2>D3,D3>D4) =OR(D2>D3) False 
TC35 =SUM(D2,D3,D4,D5) =SUM(D2:D5) True 
TC36 =SUM(D2,D3,D4,D5) =SUM(D5,D3,D4,D2) True 
TC37 =SUM(D2,D3,D4,D5) =SUM(D2:D4) False 
TC38 =CONCAT(E2,E3) =CONCAT(E2,E3) True 
TC39 =CONCAT(E2,E3) =CONCAT(E3,E2) False 
TC40 =CONCAT(E2,E3) =CONCAT(E2,E4) False 
TC41 =COUNT(D2,D3,D4) =COUNT(D2:D4) True 
TC42 =COUNT(D2,D3,D4) =COUNT(D2,D4,D3) True 
TC43 =COUNT(D2,D3,D4) =COUNT(D2:E4) False 
TABLE VI.  DATA TYPE FOR EACH TEST CASE 
Data Type Test Case Number 
Date TC01, TC02, TC03, TC04 
Error TC05, TC06, TC07, TC08 
Logical TC09, TC10, TC11, TC12 
Number TC13, TC14, TC15, TC16 
Range TC17, TC18 
Reference TC19, TC20 
String TC21, TC22, TC23, TC24 
Value TC25, TC26, TC27, TC28 
Array of integer TC29, TC30, TC31 
Array of logical TC32, TC33, TC34 
Array of number TC35, TC36, TC37 
Array of string TC38, TC39, TC40 
Array of value TC41, TC42, TC43 
 
 After all the test cases have been run, we found that all of 
the test cases show the result as expected. From that result, 
we can conclude that the autograder system can be used 
properly for the scope of the problem. The autograder system 
can assess the formula in constant and reference form 
correctly. 
 As the test cases show result as expected, the method that 
used to build autograder system is right. With this method, 
we can assess the answers not only the formula’s output, but 
also the formula used. It can be used as an option to choose 
the assessment method. The quality of the assessment will be 
more accurate if the system can check formula used. 
 The assessment by measuring the degree of similarity is 
not a new method. It’s usually used to assess short answer 
questions. But, the short answer is not a spreadsheet. In other 
works, it can also used to calculate the similarity of 
document [6]. This research has tried this assessment method 
for spreadsheet and it works because all results of test cases 
from Table V are match with expectation. It works for the 
problems that are in scope.  
 For the need of grading, similarity can be calculated by 
text only or semantic. The other research builds short answer 
grading by calculating text-to-text semantic similarity [7]. 
The formula in spreadsheet is specified by application to do 
one operation. So, it doesn’t need to do semantic checking. 
Enough by comparing the string similarity degree. 
 In short, there are some other works about autograder 
system [4], [6], [7]. This research adopts some methods from 
other works. First, this work apply autograder method for 
spreadsheet formula, while other work for short answer 
sentence [4]. Second, this work calculate the similarity 
degree of spreadsheet formula, while the other work 
calculate the similarity degree of document. Third, this work 
use string similarity method, while other work use text-to-
text semantic similarity. The comparison about this research 
and other works shown in Table VII. Beside those works, 
there are a lot of more other research about autograder 
system.  
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TABLE VII.  COMPARISON BETWEEN OTHER WORKS 
Difference With Other work This work 
Gomaa & Fahmy [4] 
Apply autograder 





Lahitani et al [6] 
Calculate the similarity 
degree of document 
Calculate the 
similarity degree of 
spreadsheet formula 
Mohler & Mihalcea [7] 
Use text-to-text 
semantic similarity and 
apply it for short 
answer sentence 
Use string similarity 




 Functions that are tested are taken from each data type. 
But not all functions have been tested. Table V show some 
functions that represent each data type. So, we need to test 
other functions for each data type for more accurate 
experiment results. 
VI. CONCLUSION 
In the end, the autograder system that can assessed 
formula has been developed. It can handle the spreadsheet 
formula that includes in the scope. To calculate the degree of 
similarity between to formula, we can use a string-based 
similarity algorithm. In this work, we choose cosine 
similarity algorithm. On the bigger scale, it also can be used 
to assess not only spreadsheet formula but other short answer 
exams. 
Future recommendation for further research is trying to 
increase the scope of the problem. There are a lot of special 
cases that can be analyzed in spreadsheet formula. Besides 
that, the evaluation can be done not only for effectiveness 
criteria. 
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